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Purpose: We describe a technique of superficial venous transposition i the forearm used 
for the formation of an arteriovenous fi tula for hemodialysis access. These modifications 
of the single-incision radiocephalic fistula are designed to increase options for arterio- 
venous fistulas by using veins and arteries that are suitable for use but are not in 
immediate proximity. 
Methods: Arteries and veins suitable for a primary arteriovenous fi tula were identified and 
mapped using duplex ultrasotmd in 89 patients. Separate incisions were used in the 
majority of cases, and the selected forearm vein was mobilized, angiodilated, and trans- 
posed into a subcutaneous tunnel on the volar aspect of the forearm. Before initiation of 
hemodialysis, duplex ultrasotmd scanning was performed, and the location that was most 
suitable for cannulation was identified. Repeat scans were performed at 3-month inter- 
vals for analysis of patency. 
Results: Superficial venous transpositions were performed using a single incision in 13 
instances in which the vein was in immediate proximity to the radial artery (type A). 
Dorsal-to-volar forearm t ansposition (type B) was performed in 30 veins with anasto- 
moses to the radial (n = 26), ulnar (n = 2), or brachial (n = 2) arteries. Volar-to-volar 
forearm transposition (type C) was performed in the remaining 46 veins, with anastomo- 
ses to the radial (n = 42), ulnar (n = 2), or brachial arteries (n = 2). Successful 
hemodialysis was accomplished in 81 of 89 patients (91%). The primary cumulative 
patency rate was 84% at 1 year and 69% at 2 years. The mean duration of follow-up was 
14.3 months. 
Conclusions: The use of superficial venous transposition for the formation of autogenous 
hemoaccess was associated with ease of cannulation by dialysis personnel, high matura- 
tion rates, reduced early failure rates, and enhanced patency rates. We recommend the use 
of these technical modifications to increase the use of autogenous fi tulas in the forearm. 
(J Vasc Surg 1997;26:981-8.) 
Brescia and associates ~ first described the use of  
primary arteriovenous fistulas (AFs) in the forearm 
for use in patients who undergo chronic hemodialy- 
sis. Once established, mature Alas have improved 
patency rates and lower complication and infection 
rates compared with synthetic bridging grafts 
(BGs). 2-6 However, higher early failure rates for AFs 
From the Department of Surgery, Section of Vascular Surgery, 
University of Medicine and Dentistry of New Jersey-New Jersey 
Medical School. 
Presented atthe Eleventh Annual Meeting of the Eastern Vascular 
Society, Atlantic City, N.J., May 2-4, 1997. 
Reprint requests: Michael B. Silva, Jr., MD, Chief, Division of 
Endovascular Surgery, Section of Vascular Surgery, UMDNJ- 
New Jersey Medical School, 185 S. Orange Ave., H-fi78, New- 
ark, NJ 07103-2714. 
Copyright © 1997 by The Society for Vascular Surgery and Inter- 
national Society for Cardiovascular Surgery, North American 
Chapter. 
0741-5214/97/$5.00 + 24/6/84844 
have limited their usage and contributed to the more 
common use of synthetic BGs for dialysis in the 
United States. 7 The observed early failure rate may 
be in part a result of the difficulty in selecting arteries 
and veins that will reliably produce mature Alas. 
We used preoperative duplex ultrasound (DU) 
scanning of the upper extremity to identify arteries 
and veins that were suitable for AFs. To expand our 
options for formation of  AFs, we used modifications 
of the single-incision radiocephalic fistula technique 
described by Brescia and associates, 1 which allowed 
for the use of veins that were suitable for selection 
but remote from the arterial source of  inflow. Our 
modifications involved separate incisions for the ex- 
posure of arteries and veins, extended venous dissec- 
tion with angiodilation, and subsequent transposi- 
tion of the vein to a more superficial subcutaneous 
position on the volar aspect of  the forearm. In addi- 
tion to maximizing options for AF formation, these 
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Fig. 1. Incision along length of vein marked by Doppler ultrasound. 
° .  
Fig. 2. Complete dissection of vein and dilation with heparinized saline solution; separate 
radial artery incision marked. 
technical modifications facilitated needle cannulation 
by dialysis nursing personnel once the fistula had 
matured and allowed for comfortable arm position- 
ing during hemodialysis. 
PATIENTS AND METHODS 
During the last 3 years at our institution, 89 
patients were selected for placement of a primary AF 
using the technique of superficial venous transposi- 
tion in the forearm. The mean age of  patients who 
received an AF was 62.3 years, with a range of 25 to 
82 years, and included 53 men (60%) and 36 women 
(40%). Primary patency for an AF was defined as 
requiring both successful needle cannulation and 
sustained flows in excess of 250 ml/sec, resulting in 
satisfactory dialysis exchange rates. AFs that re- 
mained patent but did not support either repetitive 
cannulation or flow rates greater than 250 ml/sec 
were considered failures. The primary cumulative 
patency rate was determined using life table analysis. 
Ultrasound scans were performed on the upper 
extremity with a venous tourniquet placed at the arm 
or forearm. Veins were assessed for compressibility 
and diameter. The tourniquet was moved to the 
upper arm, and the veins were again observed. Super- 
ficial veins greater than 2 mm in diameter were fol- 
lowed proximally for continuity and size. At the 
antecubital space, continuity with the deeper upper 
arm venous system was verified through the axillary 
and subclavian vein. Anatomical mapping of these 
veins was performed by marking their location, 
which was subsequently used to guide the operative 
procedure. 
Once the venous anatomy was defined and ade- 
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Fig. 3. Construction of subcutaneous tunnel. 
Fig. 4. Vein transposed through mid-forearm volar subcutaneous tunnel. 
quate segmental arterial pressures were measured, 
the status of the radial artery was determined. If the 
radial artery lumen was less than 2.0 mm, the ulnar 
artery and the brachial artery were examined for 
possible use as an alternative sources of inflow. Eval- 
uation of thc dominant arm was performed only if 
the evaluation of the nondominant arm had unsatis- 
factory results. Patients who required immediate di- 
alysis who had suitable arteries and veins for AFs 
were evaluated for concomitant placement of an in- 
dwelling venous hemodialysis catheter for use during 
the period of  maturation. 
Most procedures were performed on an outpa- 
tient basis as same-day surgery. The usual anesthetic 
choice was local 1% lidocaine infiltration supple- 
mented by intravenous sedation. A longitudinal inci- 
sion was made directly over the mapped vein begin- 
ning at its distal, most usable aspect and carried 
towards the antecubital fossa for a distance of ap- 
proximately 15 cm (Fig. 1). The vein was dissected 
free from its surrounding tissue so that it could be 
transposed to a superficial tunnel in the midportion 
of  the volar aspect of the forearm. Venous branches 
that did not interfere with transposition were left 
intact to maximize outflow. Angiodilation was per- 
formed with heparinized saline solution (Fig. 2). The 
vein was wrapped in a heparin saline solution-soaked 
sponge, and attention was then turned towards the 
arterial dissection. 
The portion of the artery that had been identified 
as suitable for inflow was then dissected. In most 
instances, the radial artery was identified between the 
brachial radialis and the flexure carpi radialis tendons. 
The superficial branch of the radial nerve, which is 
sensory at this level, was identified and spared. Arte- 
rial branches were ligated in continuity, with the 
ligature placed approximately 2 mm away from the 
radial artery to avoid impingement once dilation had 
occurred. 
A superficial subcutaneous tunnel was made us- 
ing a blunt tunneling instrument (Fig. 3). The vein 
was marked along its length with a marking pen to 
facilitate passage through the tunnel without twist- 
ing. Once the vein had been passed through the 
tunnel (Fig. 4) and hemostasis had been assured, 
the patient was given an intravenous bolus of  3000 
units of  intravenous heparin, and a 1 to 2 mm 
arteriotomy was made on the volar surface of  the 
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Fig. 5. Completed fistula. Mid-forearm volar location facilitates cannulation and comfortable 
arm positioning during dialysis. 
Table I. Transposition types and rates 
Percent of 
Transposition performed total 
Type A 15% 
Artery and vein in immediate proximity 
Single incision 
Superficial subcutaneous transposition ly 
Type B 33% 
Dorsally located vein transposed to volar surface 
artery 
Separate incisions 
Superficial subcutaneous transposition 
Type C 52% 
Volar vein transposed to mid-forearm volar 
surface 
Separate incisions 
Superficial subcutaneous transposition 
artery. The arteriotomy was extended to approxi- 
mately 15 to 20 mm, and an end-to-side anasto- 
mosis was performed. 
Before completion of the anastomosis, vascular 
dilators were used to size both the vein and radial 
artery. This allowed enlargement of blood vessels in 
spasm from vessel oops and manipulation. Self-re- 
taining retractors were not used as the portion of the 
retractor above the skin level added depth to the 
wound, making suturing more difficult. 
After completion of the anastomosis, wounds 
were closed using a running subcuticular absorbable 
stitch (Fig. 5). Care was taken to maintain strict 
atraumatic technique when handling the skin edges 
to limit wound complications. Adhesive strips or tape 
were not applied directly to the skin. 
Adequate artetialization of the vein usually oc- 
curred within 4 to 6 weeks. Hand exercises were 
advocated to encourage fistula maturation. Before 
the first cannulation for dialysis, the patient was re- 
evaluated with DU, and the sites most suitable for 
needle insertion were marked on the skin. 
RESULTS 
The transpositions that were performed can be 
separated into three types (Table I). Of  the 89 veins 
that were of  acceptable size and patency, 13 (15%) 
were in immediate proximity to the radial artery 
such that an AF could be formed through a single 
incision (type A transposition). Veins located on 
the dorsal aspect of  the forearm, 30 of  89 (33%), 
were transposed to the volar aspect for anastomosis 
to the appropriate artery (radial in 26, ulnar in 
two, and brachial in two; type B transposition). 
The remaining 46 of  89 veins (52%) were located 
on the volar aspect of  the forearm but were dis- 
sected through separate incisions, transposed su- 
perficially, and sewn to the appropriate artery (ra- 
dial in 42, ulnar in two, and brachial in two; type C 
transposition). 
Successful cannulation and hemodialysis was ac- 
complished with 81 of the 89 AFs, for a maturation 
rate of 91%. Of  the eight fistulas that did not initially 
support dialysis, four occluded after the operation, 
two had stenoses detected at the initial DU examina- 
tion and underwent successful revision, and two re- 
mained patent but with flows insufficient for ade- 
quate dialysis (< 250 ml/sec). An additional 10 of 
the 81 functioning AFs failed during the follow-up 
period. 
In total, 18 of the fistulas failed. Four were suc- 
cessfully salvaged by revision, three were converted 
to contralateral forearm AFs, six were converted to 
ipsilateral BGs (three forearm, three upper arm), two 
were converted to contralateral forearm BGs, two 
patients received permanent central venous cathe- 
ters, and the last patient, one of the early failures who 
had a patent fistula that did not support adequate 
dialysis, died before revision. 
Table II and Fig. 6 present data on life table 
analyses for primary cumulative percent patency, 
with rates of  84% at 1 year and 69% at 2 years for all 
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Fig. 6. Life table plot of cumulative patency rate for all AFs. 
Table II. Life table analysis of cumulative primary patency rates of autogenous fi tula 
Interval No. at risk at No. withdrawn Interval Cumulative 
(mo) start of interval No. of failures patent patency rate patency rate SE (%) 
0-1 89 4 0 .96 iO0 0.00 
1-3 85 4 3 .95 96 2.08 
3-6 78 2 8 .97 91 3.09 
6-9 68 2 9 .97 89 3.58 
9-12 57 1 10 .98 86 4.26 
12-15 46 2 12 .95 84 4.95 
15-18 32 2 8 .93 79 6.39 
18-21 22 1 6 .95 73 8.00 
21-24 15 0 7 1 .00  69 9.92 
24-27 8 0 5 1.00 69 13.58 
27-30 3 0 3 1.00 69 22.18 
AFs constructed during this series. Follow-up was 
obtained in all patients, with a mean of 14.3 months. 
In this series, no AF has become infected, no 
pseudoaneurysm has been encountered, and no 
symptomatic steal has been identified. Diffuse dilata- 
tion (2.0 cm) has developed in one AF, but it has 
been used for hemodialysis for 2 years under outine 
surveillance. Two patients had postoperative h ma- 
tomas that did not require operative drainage. 
DISCUSSION 
More than 200,000 people currently undergo 
dialysis in the United States, and hemodialysis access 
has become the most commonly performed vascular 
surgical procedure. 7,8 Three forms of hemodialysis 
access are commonly used: AFs, indwelling central 
venous catheters, and prosthetic BGs. AFs, once ini- 
tially favored, have become much less prevalent. Re- 
cent data from the United States Renal Data System 
indicates that prosthetic BGs are 1.7 times as preva- 
lent as fistulas (51.9% for BGs vs 30.5% for AFs and 
9.3% for venous catheters). 7 
Placement of  a primary AF in the forearm was 
described in 1966 by Brescia and associates? In their 
description, patients underwent localized radioce- 
phalic fistula formation through a single incision at 
the wrist. By comparison, the average patient who 
undergoes dialysis access procedures today is signifi- 
cantly older and has a greater number of complex 
comorbid conditions.7 Arteries and veins of the fore- 
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arm that are satisfactory for AF formation are infre- 
quently encountered in close proximity to one an- 
other. Other authors have successfully advocated the 
use of upper arm AFs using a technique of subcuta- 
neous transposition of the basilic or cephalic vein for 
anastomosis to the brachial artery. TM 
A visual inspection and physical examination of 
the upper extremity alone may be inadequate to 
assess the quality of arterial inflow and continuity of 
venous outflow. Segmental stenoses may not be ap- 
preciated, and deeper suitable veins may be over- 
looked. Further, spared veins that are adequate for 
AF formation may be encountered in the forearm, 
but their anatomic position lies in a deeper subcuta- 
neous location. Needle cannulation for hemodialysis 
of AFs formed with these deeper veins in situ is 
technically more difficult than for BGs. The basilic 
vein in the forearm may also be spared and suitable 
for AF formation but in its in situ position may 
necessitate awkward forearm positioning for needle 
cannulation and subsequent hemodialysis. 
Inability to identify suitable vasculature and the 
use of marginal veins available through the single 
radiocephalic wrist incision have contributed to the 
high early failure rates for AFs. 2-6 These many con- 
siderations prompted our development of a number 
of modifications in the selection and performance of 
AFs. We routinely use DU of the upper extremity to 
assist in the identification and mapping of veins in the 
forearm and arm. DU has been shown to be effective 
in the role of preoperative venous mapping for in- 
frainguinal venous bypasses as well as for surveillance 
of infrainguinal vein grafts. 12,13 We use DU in a 
similar manner for evaluation and follow-up of all 
patients referred for angioaccess procedures. 
We describe a number of technical modifications 
to the standard single-incision radiocephalic fistula 
that increase possibilities for formation of autoge- 
nous hemoaccess procedures in the forearm. Use of 
these AFs, which have a centrally located superficial 
position on the middle of the forearm, is associated 
with ease of needle cannulation and comfortable arm 
positioning during dialysis. Transposition of forearm 
veins to subcutaneous tunnels (Table I) has been 
accomplished successfully, with 9I% of these access 
procedures maturing sufficiently to support sustained 
hemodialysis, demonstrating 1-year and 2-year pri- 
mary cumulative patency rates of 84% and 69%, re- 
spectively. The success of these technical modifica- 
tions, in combination with routine DU evaluation of 
the upper extremity, is demonstrated by low early 
failure rates, high maturation rates, and an enhanced 
patency rate. We recommend the expanded use of 
superficial venous transposition in  the forearm to 
increase use of autogenous fistula for hemodialysis. 
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DISCUSSION 
Dr. Enrico Ascher (Brooldyn, N.Y.). Dr. Silva and his 
colleagues are to be congratulated for a well-designed 
clinical study in which they introduce many innovative 
contributions. They describe a variation of the Brescia- 
Cimino AF, and they emphasize the value of a careful 
preoperative assessment with duplex scanning of the upper 
extremity arteries and veins. Sixty percent of the 148 pa- 
tients studied during a 3-year period were found suitable 
for vein transposition i the forearm for an all-autogenous 
hemodialysis access. 
My first question denotes my curiosity regarding the 
type of procedure and the results obtained i n the remaining 
59 patients, or the 40% wh0 were not found to be candi- 
dates for the proposed technique. Were there differences in
patency and complication rates between the two groups? 
Another effective alternative to prosthetic bridging is 
the basilic vein transposition i  the arm or forearm. Could 
you comment on the potential advantages of your tech- 
nique when compared with those reported for the basilic 
vein? 
More specifically, I am not clear about your recom- 
mendation to perform a long anastomosis not less than 2 
cm in length. Could you please comment on the hemody- 
namics of the fistula and why it does not cause steal? Most 
of us limit our arteriotomy to 1 cm or less. It is possible 
that by ligating so many branches necessary for a smooth 
vein transposition that you are actually creating a high- 
resistance conduit hat in turn decreases the potential for 
steal? 
Dr. Silva's preoperative duplex protocol appears ound 
and quite helpful in screening patients, not only for vein 
transposition, but indeed for all types of arteriovenous 
communications. However, I am missing the validation of 
their findings with more standard techniques uch as 
venography. You also recommend postoperative graft sur- 
veillance with duplex scanning every 3 months, but this 
approach as not been rewarding because there was no 
mention in the manuscript about any asymptomatic lesion 
being detected in any of these patients with a mean fol- 
low-up of 14 months. Do you still advocate this protocol? 
Could it be replaced by monitoring of venous pressures 
and flow rates during hemodialysis? Have you attempted to
dissect he vein via two or three small incisions rather than 
the long one presented today? Any experience with angios- 
copy to better ule out intraluminal defects in these often- 
battered veins, particularly in the forearm? 
My final comment highlights the fact that Medicare 
spends over $8 billion per year on 250,000 patients with 
end-stage renal disease. The price tag for hemodialysis 
alone is over $2 billion, and complications from vascular 
accesses account for approximately 30% of hospital admis- 
sions for chronic hemodialysis. It is about time that vascu- 
lar surgeons rekindle their interest in this fascinating and 
busy field of our specialty. 
I want to thank the authors for once again calling our 
attention to this problem and for the their fine contribu- 
tions. 
Dr. Michael B. Silva, Jr. First, allow me to address the 
issue of the 40% of patients who were not found to be 
suitable candidates for superficial venous transposition. We 
use ultrasonographic examination to predict he most ap- 
propriate site for all types of hemoaccess procedures, not 
just for autogenous fistula formation. If we find that a 
patient does not have anatomy suitable for an autogenous 
fistula, we proceed with evaluation of the antecubital space 
and the upper arm. If an autogenous fistula is not possible, 
our first alternative is a prosthetic forearm bridging graft, 
and our third choice is the upper arm prosthetic brachial- 
axillary graft. The 40% of patients who did not undergo 
superficial venous transposition i  this series underwent 
one of these two procedures. We are presently evaluating 
patency and complication rates in this subgroup to assess 
the efficacy of duplex examination ofthe upper extremity in 
successfully identifying appropriate sites for prosthetic 
grafts. 
The use of basilic vein transposition i  the upper arm is 
an excellent alternative to prosthetic bridging grafts when 
available. Our technique of superficial venous transposition 
allows for the optimal selection of venous outflow, which 
may include branches of the basilic as well as the cephalic 
and median antecubital veins in the forearm. 
You asked about the 2 cm anastomosis and the result- 
ant flow dynamics. The flow through a fistula is a function 
of the smallest transverse diameter of the outflow vessel. 
The performance ofa 2 cm anastomosis should not have an 
impact on the rate of steal. In fact, we have seen no 
evidence of steal in the primary autogenous fistulas per- 
formed among these 89 patients. We feel that performance 
of a large anastomosis could improve long-term patency 
rates by potentially reducing the impact of any narrowing 
associated with myointimal hyperplasia. 
We have found the measurements made by duplex 
ultrasound to be highly accurate compared with our intra- 
operative findings. We have not considered the use of 
contrast venography to verify our duplex findings as a 
practical alternative. 
As to the utility of our surveillance protocol, in the 
surveillance period there were four fistulas that were iden- 
tified as failing by criteria from the duplex ultrasonographic 
examination. All of these fistulas were revised successfully 
before fistula thrombosis. 
In addition, you asked about the use of less-invasive 
techniques to limit the level of dissection and angioscopy 
to evaluate the luminal surface of veins to be transposed. 
These are both important suggestions that warrant further 
consideration. 
Dr. Will iam 1L Fl inn (Baltimore, Md.). Mike, I think 
you should be congratulated for the impact that you've 
had on the use of autogenous arteriovenous grafts in your 
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institution. That is clearly evident from the data you've 
reported. 
I had one question about your preprocedural evalua- 
tion. One of the situations we encounter not infrequently 
is failure of the access because of an undetected proximal 
axillosubclavian or innominate venous occlusion. Because 
almost all of these patients tart out with their preliminary 
dialysis conducted through a central catheter, and because 
a lot of those central catheters eventually ead to subclavian 
or innominate venous occlusion, when this is undetected it 
produces either a failure of the access graft or morbid 
swelling of the extremity for the patient, both of which are 
fairly intolerable. Do you, or should we, routinely include 
duplex ultrasound examination of the axillosubclavian ve- 
nous system as a part of our preprocedural evaluation on 
those grafts? 
Dr. Silva. Evaluation of the axiUosubclavian system is 
an integral part of our noninvasive upper extremity exami- 
nation. Every patient has an evaluation of their ipsilateral 
central venous ystem at the time of venous mapping. Our 
prejudice is as yours, that if a patient has evidence of 
subclavian outflow obstruction, then their contralateral 
arm should be used if possible. 
Of interest, we have seen patients in this population 
who have had no other alternative than the placement of an 
autogenous fistula proximal to a subclavian occlusion, in 
which the fistula ended up functioning well. However, we 
have also witnessed one of our patients who, after place- 
ment of a successful primary autogenous fistula, had com- 
plications when a subclavian catheter was inserted on the 
ipsilateral side and resulted in occlusion of the subclavian 
vein. This patient had extensive outflow obstruction distal 
to the proximal fistula. This led to significant arm swelling, 
venous hypertension i  the hand, and a nonhealing venous 
ulceration. In this instance, the fistula had to be ablated, 
and the patient underwent dialysis with a permanent cath- 
eter in the contralateral internal jugular vein. This experi- 
ence underscores the importance of avoiding concomitant 
placement of a central venous catheter ipsilateral to a func- 
tioning fistula and the importance of evaluating the central 
venous system as a part of the initial noninvasive examina- 
tion. 
Dr. Stephen Gosin (Somers Point, N.J.). As a vascular 
surgeon in a hospital that has a very busy hemodialysis 
center with more than 100 chronic patients, I recognize 
the importance of using primary AFs when possible. But, as 
you pointed out, we find that our population has less than 
15% of patients who apparently qualify by our criteria and 
who end up with AFs. The techniques that you use in 
increasing the number ofAFs I think are noteworthy and 
are to be praised. We certainly agree with the superiority of 
a primary AF when that is possible. 
We find that in a community hospital setting with a 
large number of patients diabetes that the changes in the 
small arteries that are associated with diabetes often limit 
the availability of this as an option. I would like you to 
comment on what you notice about this, as well. Again, 
not so much the vein availability, but the fact that there is 
enough arterial disease in the smaller vessels that this makes 
primary AFs not a good option for some of our patients. 
In addition, I would like to comment on the fact that 
with the lower number of AFs, we find that our access 
technicians are becoming less and less skilled in sticking 
AFs. The technique for doing it is really quite different than 
the technique for sticking an arteriovenous graft. We find 
that they are being punctured on both sides, that there are 
blowouts relatively early, and other things take place that 
end up reducing the survival rate of what otherwise would 
have been a good AF. Have you run into this, and what 
techniques and educational programs are you using to try 
to prevent he problems caused by faulty punctures? 
Dr. Silva. You're quite right in your assertion that 
patients with diabetes have a lower use of primary autoge- 
nous fistulas. In our series, more than one third of the 
patients in whom primary autogenous fistulas were con- 
structed had diabetes. Use of the preoperative ultrasound 
scan can identify problem areas that result from diabetic 
arterial disease and allows for optimization of placement of 
the arteriovenous anastomosis. 
In addition, you're right about the greater difficulty in 
accessing autogenous fisJmlas. To facilitate visualization of 
the vein and needle cannulation, we use a superficial sub- 
cutaneous tunnel during the venous transposition. We use 
the duplex machine to assess the fistulas before their initial 
use for dialysis. The site on the fistula that is most favorable 
for needle cannulation ismarked for the nurses in anticipa- 
tion of the initial access attempt. These factors have re- 
sulted in a relatively favorable reception for autogenous 
fistulas by our dialysis personnel. 
Dr. Anil Hingorani  (Brooklyn, N.Y.). I have two 
questions. Did you have any problems with wound compli- 
cations early on in terms of wound healing with these long 
incisions in the forearm on these patients? Second, I was 
interested in the anticoagulation protocol that you initi- 
ated in these patients early on, and also in the long term 
how long did you keep these patients on anticoagulation 
medication? 
Dr. Silva. The healing complications were relatively 
minimal. There were two patients who had postoperative 
hematomas, neither of which required intraoperative 
drainage. These two patients exhibited minor delays in 
wound healing. 
We routinely administer intravenous heparin during 
the operation. We do not use prolonged anticoagulation 
therapy after the operation because of the complexity of 
repetitive needle cannulation in this dialysis-dependent 
population. 
